Introduction
The NASA DC-8 flew 16 flights over the western Pacific during February-March 1994.
The Global Tropospheric Experiment/Pacific Exploratory Mission-West B (GTE/PEM-West B) mission was designed to allow characterization of the influence of continental outflow from Asia on the composition of free tropospheric air over the ocean. In particular, PEM-West B was intended to complement the PEM-West A mission, which was flown in the same region in September -October 199 i, thus allowing comparison between the spring (much outflow expected) and fall seasons (when outflow events are less common) [e.g., Prospero et al., 1985; Merrill et al., 1989 ] (see also the special issue of the Journal of Geophysical Research on PEM-West A, volume 101 (DI), 1996). Descriptions of the GTE instrumentation on board the DC-8, and the specific scientific objectives of each flight, are given by Hoell et al. [ This paper focuses on the spatial and vertical distributions of the natural radionuclide tracers 7Be and 2_°Pb.Beryllium 7 can provide information about stratospheric influence on the composition of tropospheric air, while 2'°Pb is considered to be an indicator of air masses that have been influenced by turn emissions over continental regions. The distributions of these tracers are compareyl tO those of aerosol-associated soluble ionic species and several gas phase. species measured from the DC-8 during PEM-West B. Comparisons are also made to the corresponding distributions observed during PEM-West A.
Methods
The aerosol sampling systems (identical probes operated in parallel for the collection ofradionuclide and ionic species samples) and analytical techniques were unchanged from PEM-West A [Dibb et al., 1996] . As during PEM-West A, aerosol collection was restricted to flight legs at constant altitude. Sample integration time was reduced to 20-30 min for all flights, resulting in the collection of 140 sample pairs. Improved sensitivity of the custom ion chromatographs used on board the DCo8 during PEM-West B resulted in comparable, or lower, detection limits for all ionic Figure 1. Mean concentrations of soluble aerosol-associated species,soluble acidic gases and ozone versus altitude (km) over the western Pacific during PEM-West B. All samples with concentrations_ aboye detection limits in the "remote Pacific" and "near-Asia" regions are plotted. The horizontal arms of the crosses represent the standard errorof the mean for each species in the eight region/altitude bins presented in Table 1 , while the altitude range is encompassed by the vertical arms. Further division of the data set into altitude bins considers the marine boundary layer (< I km) and three free tropospheric intervals (Table 1 ). An attempt was made to select the free tropospheric bin altitude intervals so that they contained nearly equal numbers of samples when both regions are considered. However, proportionally more time was spent at the highest altitudes in the remote region than near Asia. Figure 1 . It is apparent that data coverage is sparse (concentrations often near or below detection limits) in the free troposphere, particularly over the remote Pacific, for most aerosolassociated species except 2_°Pb (100% of samples above detection limit), SO4 = (94% > detection limit), and _Be (84% > detection limit) (Table 1) . However, near Asia, all of the soluble ionic species except N.a + and CI were readily quantified in most (60-100%) of the samples collected between ! and 6 km, with the low end of the range dropping to 18% (PO4 _) for the 22 samples collected in the 6-9 km altitude bin ( Figure I , Table 1 ). in contrast, during PEMWest A, NO3, SO4 = and NH4+ were the only soluble ionic species we were able to quantify in any samples collected above 2 km altitude [Dibb et al., 1996] . In this light, even the low Concentra- , 1994] . However, these same flights found H2SO4 to be the dominant form of sulfate aerosol at latitudes below 30°S, or more than 1000 km from land, while our winter samples even further from Asia contained significant amounts ofNH4 _ ( Figure 3 ).
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The concentrations of formic, acetic, and nitric acids decrease rapidly from the boundary layer up to 9 km near Asia, while no altitude gradients were found for any of these acids in the more remote region (Figure 2 ). Again, differences between the two 1 -6kin This relationship was present in both regions during PEM-West A (stronger near Asia), and was attributed to pumping of Rn and O3
(and/or O3 precursors) from the continental boundary layer high into the troposphere by deep wet convective systems [Dibb et al., 1996] . The very low concentrations of soluble aer_osol-associated species (readily scavenged) and the constant rneanc0ncentrations [Dibb et aL, 1996] . Our PEM-West B samples also fail to reveal any strong relationship between 21°Pb and either of the two main inorganic nitrate species (not shown) or their sum ( Figure 5 ). L_ewise, no relationships were found between 2t°Pb and NO (no NO2 measurements were made during PEM-West B). However, relatively high correlations were found between 2_°Pb and PAN in all free tropospheric bins over the remote Pacific, with a weaker relationship found only in the 6 -9 km range closer to Asia ( Figure 6 ). We hypothesize that these 2_°Pb-PAN relationships during PEM-West B are again reflecting the importance of deep wet convection on the composition of the troposphere over the western Pacific, though the convective activity in spring is more equatorial than during fall, when the storms were mainly over central Asia. and Husain, 1979 and Husain, , 1985 This particular flight (17) provided a unique opportunity to characterize stratosphere to troposphere exchange through a tropopause fold [e.g., Danielsen, 1968 Danielsen, , 1980 Danielsen and Mohnen, 1977; Danielsen et al., 1987] . [Bhandari et al., 1966] , and take 0.5 pCi m "3STP as a good estimate of the concentration at the top of the troposphere [Kritz et al., 1991 km were three-to four-fold higher than our estimates. The suggestion of a lower stratospheric origin for the air transferred into the troposphere through the fold is in accord with the dynamics of this mixing process [e.g., Danielsen, 1968 Danielsen, , 1980 Danielsen and Mohnen, 1977; Danielsen et al., 1987] . the stratosphere (12.5 -20.7 km), and peak concentrations reached The concentrations of _mPb in the four samples from this flight 13.5 pCi m 3 STP 'Be and 3.8 ppmv 03. However, eight s_pies averaged 6.1 fCi m :3 s_, Slightly higher than the overall mean for collected between 12.5 and 15.2 km ranged 3.1 -7.7 pCi 7Be m 3 all samples in this bin (Table 1) et al., [1982] ), but the small difference between the assumed tropospheric end-member and estimated stratospheric end-member suggests that the latter may be quite uncertain.
Dutkiewiez
Comparisons
Between Spring and Fall Seasons. Zenith profiles of O3 and aerosol scattering from the UV-DIAL instrument. These data were collected during the 3.4 km leg of the vertical wall, looking upward at the air masses the DC-8 had earlier flown through. A tropopause fold is clearly outlined in both sets of data. masses over the Pacific during the period of peak Asian dust outflow [e.g., Prospero et aL, 1985; Merrill et al., 1989; Gao et al., 1992] . Comparisons to PEM-West A results (conducted in the fall)
should reflect the expected seasonal contrast. We noted that most soluble aerosol-associated species were not detected above the boundary layer during PEM-West A [Dibb et al., 1996] ; thus there was general enhancement of these species during PEM-West B (Table 1 ).
The largest difference in the binned data for aerosol-associated species and 03 near Asia reflects the intrusion of stratospheric air into the upper troposphere (discussed in the preceding section) (Figure 10 ). Enhancements of 2'°pb, NO3, SO4 =, and NH4 + are apparent throughout the tropospheric column near Asia in spring, but they do not exceed a factor of 3. Over the remote .Pacific, 2_°pb
and 03 are the only species to show large concentration differences between the seasons, with the i-9 km region containing at least twice as much of both species during spring ( Figure I ! convec-tiw pumping mechanisrfi _ppe_s: to {eSUlt _n' free tr0po-_ spheric air masses which favor the production of PAN over inorganic nitrates, at least during the first few days of transport eastward from the Asian continent that we were able to characterize during the two PEM-West missions. Subsequent decomposition of PAN when these air masses subside over the central Pacific could provide significant amounts of NO, and allow production of the _norgan[c nltrates in 2_°Pb-rich air far from the continental sources.
The distribution of 7Be, and its relationship to O3, suggests that stratospheric influence on the composition of the troposphere over the western Pacific was relatively weak, with strongest impacts restricted to the highest latitudes sampled+ However, one flight provided the opportunity to sample below and through a welldefined tropopause fold near 40°N. The peak 7Be concentration measured in the center of the fold at 10.7 km (7 pCi m 3) was 
